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ABSTRACT

Objective: To analyze the survival rates of patients with COVID-19 supported with extracorporeal membrane oxygenation (ECMO) and com-

pare the survival rates of patients with COVID-19 supported with ECMO to patients with influenza supported with ECMO.

Design: A systematic review and meta-analysis to assess the impact of ECMO as supportive therapy of COVID-19.

Setting: The authors performed a search through the Cochrane, EMBASE, and MEDLINE/PubMed databases from inception to February 19,

2021, for studies reporting hospitalized patients with COVID-19 managed with ECMO.

Participants: A total of 134 studies were selected, including 6 eligible for the comparative meta-analysis of COVID-19 versus influenza.

Interventions: The authors pooled the risk ratio and random effects model.

Measurements and Main Results: The primary endpoint was the overall mortality of patients with COVID-19 receiving ECMO. Of the total

number of 58,472 patients with COVID-19 reported, ECMO was used in 4,044 patients. The analysis suggested an overall in-hospital mortality

of 39% (95% CI 0.34-0.43). In the comparative analysis, patients with COVID-19 on ECMO had a higher risk ratio (RR) for mortality when

compared to influenza patients on ECMO: 72/164 (44%) v 71/186 (38%) RR 1.34; 95% CI 1.05-1.71; p = 0.03.

Conclusions: ECMO could be beneficial in patients with COVID-19, according to the authors’ meta-analysis. The reported mortality rate was

39%. This systematic analysis can provide clinical advice in the current era and ongoing pandemic.

� 2021 Elsevier Inc. All rights reserved.
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THE SARS-Cov-2 Coronavirus pandemic continues to

threaten global health, causing economic burden and social

disruption. Extracorporeal membrane oxygenation (ECMO)

was used largely in patients with COVID-19 with acute respi-

ratory distress syndrome (ARDS), inducing health systems to

modulate infrastructures and reallocate devices and personnel

with significant financial commitments.
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Venovenous (VV) ECMO is an invasive technique that oxy-

genates the blood and removes CO2 while the failing lung is

rested and is given time to recover. The management of

patients on ECMO generally is performed in tertiary care

referral centers, as it requires expertise in the treatment of

refractory respiratory failure and severe ARDS.1,2

Although reports on the use of ECMO from previous epi-

demics exist,1,3-10 dedicated guidelines were produced during

the COVID-19 pandemic to help triage patients in the face of

reduced resources.11

Initial ECMO guidelines for COVID-19�related ARDS

were based on pre�COVID-19 trials,1,4 and ECMO was

started in patients <71 years old with severe initial presenta-

tion and a short duration of mechanical ventilation (MV)

before ECMO (ie, <7 or <11 days).12,13

Data on ECMO efficacy in COVID-19 related ARDS are

limited and come mainly from case reports or experiences of

single centers. This systematic review and meta-analysis

aimed to summarize evidence from all available studies to

assess the mortality of patients with COVID-19 treated with

VV ECMO.
Materials and Methods

This research was carried out following the Preferred

Reporting Items for Systematic Reviews and Meta-Analyses

guidelines14 (Supplemental Figure 1).

The authors searched the Cochrane, EMBASE, and MED-

LINE/PubMed databases from inception to February 19, 2021.

For Pubmed, they used the following search string: (ECMO

[tiab] or Extracorporeal membrane oxygenation [tiab] or veno-

venous [tiab] or veno arterial [tiab] or extracorporeal cardio-

pulmonary resuscitation [tiab] or ECPR [tiab] or venovenus [tiab]

or venoarterial [tiab]) and (covid-19 [tiab] or coron* [tiab] or

covid [tia b] or nCov [tiab] or sars [tiab]) not (animal [mh] or ani-

mal* [mh] or pig [ti] or pig* [ti] or rat [ti] or rat* [ti] or horse [ti]

or horse* [ti] or preclinical [mh] or pre-clinical [mh]).

The current meta-analysis included studies that met the Pop-

ulation, Interventions, Comparison, and Outcomes criteria

(Table 1). Studies were included if reporting patients with

COVID-19 treated with ECMO. The primary analyzed end-

point was the overall mortality of patients with COVID-19
Table 1

Participants, Intervention, Comparison, and Outcomes (PICO) of the Present

Meta-Analysis

PICO Description

Population Patients diagnosed with COVID-19 who developed ARDS and

were put on VV ECMO

Intervention VV ECMO

Comparison None

(in a secondary analyses we performed a comparison with

influenza patients who were put on ECMO)

Outcome Mortality

Abbreviations: ARDS, acute respiratory distress syndrome; PICO,

participants, intervention, comparison, and outcomes; VV ECMO: veno

venous extracorporeal membrane oxygenation.
receiving ECMO. Secondary outcomes and associated varia-

bles were: the percentage of patients receiving ECMO among

the COVID-19 investigated cohorts, male versus female,

ECMO duration, and time on MV before ECMO implantation.

Studies reporting the comparison between ECMO therapy in

COVID-19 and influenza-related ARDS were also searched,

and the findings meta-analyzed.

The study protocol is available at https://www.crd.york.ac.uk/

PROSPERO/ under registration number CRD42021229145.

Data Extraction

Two authors separately reviewed all potentially eligible

manuscripts (title and abstract level first, full text thereafter).

Disagreements were reviewed by a third reviewer, who had a

deciding vote.

Risk of Bias

The quality of the included studies was assessed using the

Newcastle-Ottawa scale (NOS)15 and its modification for case

series and reports, according to Murad et al.16 The NOS was

designed to judge a study by 3 perspectives: the study’s selec-

tion, the comparability, and the determination of the outcomes.

A favorable judgment was made by awarding a star. Nine stars

indicated the highest strength, and 6 or more stars signified ele-

vated quality. The modified NOS scale by Murad et al was

used for case series and/or reports16; a score of 8 marks is con-

sidered the maximum as items related to comparability and

adjustment (which are not relevant to non comparative studies)

and retained items that focused on selection, representative-

ness of cases, and the ascertainment of outcomes and exposure

were removed.

The methodologic quality of eligible studies was indepen-

dently assessed by 2 reviewers, with disagreements resolved

through discussion with a third reviewer.

Data Synthesis and Analysis

A meta-analysis of single proportions summarizing data

using the inverse variance method (95% CI)17 was conducted

to examine the rate of the primary and secondary outcomes in

VV ECMO treatment for COVID-19. A meta-analysis of con-

tinuous variables was performed for some of the secondary

outcomes: mean ratio (MR) with 95% CI was calculated, and a

pooled estimate, meta-MR, was computed weighting MRs

according to the variance and the number of participants in the

study.18

In the comparative meta-analysis, the study authors’ pri-

mary measure of association was the risk ratio (RR) of mortal-

ity between groups. Secondary variables included the mean

difference (MD) of ECMO duration, the duration of MV

before ECMO placement, peak serum creatinine concentra-

tion, and the RR of renal replacement therapy.

Given the diversity of studies and populations, the authors

did not assume a common effect size and expected consider-

able heterogeneity. Therefore, a priori use of the random-

https://www.crd.york.ac.uk/PROSPERO/
https://www.crd.york.ac.uk/PROSPERO/
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effects model19 was decided using the meta, metafor, and dme-

tar packages for R and R-Studio Version 1.3 for macOS. This

model reduces the probability of type II errors. For each study,

the effects estimates are presented as squares, and proportions

with their 95% CI are presented as horizontal lines. The chi-

square test and the I2 were used to assess heterogeneity among

the studies. Heterogeneity was classified as low (25%), moder-

ate (50%), or high (75%).20 The estimation of the mean and

standard deviation in studies reporting only median values and

interquartile ranges was accomplished using the methodology

described by Hozo et al.21 Results were summarized using

effect estimates and their associated 95% CI. Publication bias

was examined by visual inspection of the funnel plot and

tested by Egger’s test.22 A p value below 0.05 was considered

suspicious of publication bias.
Results

Three prospective investigations, 82 retrospective observa-

tional analyses, and 49 case reports and/or series of patients

with COVID-19 on ECMO, for a total 134 studies (references

to the 134 studies in Supplemental Appendix 1), were selected

for the systematic review and meta-analysis of single propor-

tions or single means, and 6 23-28 of them were eligible for the

comparative meta-analysis of patients with COVID-19 on

ECMO versus patients with influenza on ECMO. According to

the NOS,15 the quality scores of the included studies ranged

from 6 to 9 for retrospective studies, indicating elevated qual-

ity as listed in Supplemental Table 1. Supplemental Table 2

shows the score modified for case series and reports.16

A total of 4,044 out of 58,472 (6.9%) patients with COVID-

19 received VV ECMO (Table 2). In the 77 studies reporting

sex, males were 2,606 out of 3,455 (71%) patients (Table 2),

and the mean age was 51 years.

In a meta-analysis of single proportions to calculate an over-

all proportion from studies reporting a single variable, random-

effect pooled estimates of 102 studies analyzing 3,793 patients

suggested an overall in-hospital mortality of patients with

COVID-19 on ECMO of 39% (1508/3793) (95% CI 34-43;

I2 = 53%; P of heterogeneity < 0.01) (Fig 1; Table 2) with low
Table 2

Pooled Data of Mortality of COVID-19 Patients on VV-ECMO and of Other Catego

Categorical V

Variable No of Studies Patients, n/N Proportio

Mortality 102 1,508/3,793 0.39

ECMO/COVID-19 cases 65 4,044/58,472 0.07

Male sex 77 2,606/3,455 0.71

Continuous v

Variable No of Studies Patients Mean, d

ECMO Duration 31 3,176 15

MV prior ECMO 26 1,747 4.25

NOTE. Data are presented as categorical and continuous variables. Categorical vari

model single outcome meta-analysis; continuous variables are indicated as means an

Abbreviations: ECMO, extracorporeal membrane oxygenation; MV, mechanical ve
risk of publication bias (Supplemental Tables 1 and 2).

Patients with COVID-19 had been 4.25 (3.32-5.18) days on

invasive MV before receiving ECMO, and ECMO lasted

14.25 (13.34-27.62) days (Table 2).

The overall study quality was acceptable (Supplemental

Tables 1 and 2).

The comparative meta-analysis restricted to 6 studies (350

overall patients) showed that patients with COVID-19 on

ECMO had a higher RR of mortality when compared to

patients with influenza on ECMO: 72/164 (44%) v 71/186

(38%) RR 1.34; 95% CI 1.05-1.71; p = 0.03; I2 = 0%; P of het-

erogeneity = 0.65 (Fig 2A). The authors also found a longer

MV duration before ECMO initiation in patients with COVID-

19 compared to influenza patients without a differences in

renal replacement therapy, ECMO duration, and peak serum

creatinine concentration (Fig. 2B, 3, and 4).
Discussion

Key Findings and Relationship to Previous Studies

Mortality

In this extensive systematic review, the authors first investi-

gated mortality in a meta-analysis of single proportions to better

understand the survival rates of patients with COVID-19 sup-

ported with ECMO. They identified 134 studies, and 102 reported

an overall mortality rate of 39% (1,508/3,793 patients).

This mortality rate was consistent with experience from

EOLIA (37%) and CESAR (37%) randomized controlled tri-

als, performed in the pre�COVID-19 era,29 and were much

lower than the initial data of patients with COVID-19 requir-

ing ECMO reported from China in early 2020.30-33

According to this latter evidence, it seems that mortality is

improving over time, and this is consistent with the Extracor-

poreal Life Support Organization (ELSO) Registry, suggesting

that criteria for placing patients with COVID-19 on ECMO

became more stringent over time, favoring survivability.

However, in this comparison meta-analysis, the authors

found 6 studies comparing ECMO in COVID-19 to ECMO in
rical and Continuous Variables

ariables

n 95% CI Heterogeneity Risk of Bias (Egger’s test)

0.34-0.43 I2 53%; p < 0.01 -

0.05-0.09 I2 97%; p < 0.01 +

0.67-0.74 I2 23%; p = 0.04 +

ariables

95% CI Heterogeneity Risk of Bias

13.34-27.62 I2 98%; p < 0.01 +

3.32-5.18 I2 99%; p < 0.01 +

ables are expressed as proportions and 95% CI according to the random effect

d 95% CI.

ntilation.



Fig 1. A forest plot displaying the random-effect pooled estimates of 102

studies analyzing 3,793 patients suggested an overall in-hospital mortality pro-

portion of 0.39 (95% CI [0.34-0.43]; I2 = 53%; P of heterogeneity < 0.01)

ordered by treatment effects.
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influenza. According to the 350 patients analyzed, mortality in

patients with COVID-19 on ECMO was higher than in patients
with influenza on ECMO (RR 1.34; 95% CI 1.05-1.71;

p = 0.03), as previously reported.34 Still, this data are expected

to vary across time as newer COVID-19 to influenza compari-

sons will be reported.

Male Sex

Interestingly, 71% of patients who underwent ECMO were

male. This had already been noticed and referred not to the

general population of infected people but to the severe clinical

presentations as the ones requiring VV ECMO.35 The causes

behind this sex-based unbalance remain unclear. Social, psy-

chological, and genetic factors could all be contributing to this

gender skew. Men, who are recognized in research and prac-

tice to be more impacted by cardiovascular illnesses, diabetes,

chronic pulmonary disease, hypertension, and cancer, have a

high incidence of disease in most situations.36 All of these fac-

tors have been connected to a high COVID-19 fatality rate.37

ECMO Duration

Even if several reports included in this meta-analysis were

still incomplete as patients were still on ECMO at the moment

of the publication, according to the authors’ analysis, the mean

ECMO duration in patients with COVID-19 was 15 days (lon-

ger than the 9 days reported in the CESAR trial38). This proba-

bly was ascribed to a different pathophysiologic representation

in COVID-19 compared to pneumonia and ARDS of other eti-

ologies and involves angiogenesis, pulmonary vasculitis, and

thrombosis.39 Also, the higher ECMO duration compared to

influenza might indicate more considerable pathogenicity,

leading to respiratory complications and to higher mortality.40

MV

An MV duration before ECMO initiation of 4 days is longer

than pre-2020 investigations, and this might underline a lack

of uniformity in intubation protocols and late calls for ECMO

referral centers (overwhelmed during the pandemic surge). It

also may be displaying the tendency to wait longer before

placing a patient on ECMO, tolerating lower PaO2/FIO2 ratios

compared to the standard ARDS care.41 This comparison

meta-analysis further confirmed this data: MV pre-ECMO

duration in COVID-19 was increased by 3 days (95% CI 2.64-

3.59; p < 0.001) versus MV pre-ECMO duration in influenza.

Limitations of the Study

The authors’ systematic review had limitations. First of all,

by pooling observational studies, this review could not over-

come the limitations of its primary studies included, which

were relatively small numbers, and, still, none was based on a

randomized allocation. Meta-analysis of observational studies

is notoriously challenging due to heterogeneity (in subjects,

outcome definitions, study design, etc), incomplete data, and

bias. Also, secondary outcome measurements were missing in

many studies because the focus often was mortality. However,



Fig 2. (A) A forest plot depicting mortality in patients treated with ECMO in COVID-19 and influenza. Relative risk 1.34 (95% CI [1.05-1.71]; I2 = 0%; P of het-

erogeneity = 0.65) ordered by treatment effects. (B) A forest plot showing renal replacement therapy in patients treated with ECMO in COVID-19 and influenza.

Relative risk 0.61 (95% CI [0.25-1.47]; I2 = 69%; P of heterogeneity = 0.02) ordered by treatment effects. ECMO, extracorporeal membrane oxygenation; RR, rela-

tive risk, RRT, renal replacement therapy.
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the present systematic review and meta-analysis are relevant

and may guide current practice helping clinicians to consider

patients for ECMO therapy according to the current ELSO

guidelines,11 even if only by emphasizing the limitations of

the available clinical evidence. It is worth noting that the pres-

ent analysis reported the highest number of patients with

COVID-19 treated with ECMO to date.

Third, duplicate publication bias might have occurred as it is

challenging to detect double ECMO runs reports, especially in

large cohorts extracted from international databases.

Finally, the reduced mortality from ECMO duration com-

pared to the ELSO registry could have been the representa-

tion of publication bias, as authors tend to publish
favorable outcomes with shorter runs in fewer sick patients

and, thus, overestimate survivability.
Conclusions

To this day, this systematic review included the highest

number of patients with COVID-19 with ECMO outcomes.

The results suggested that ECMO could be advantageous for

patients with COVID-19 with ARDS. The mortality rate for

patients with ARDS due to COVID who received ECMO sup-

port was 39% (95% CI 34-43). In the authors’ view this sys-

tematic analysis of the literature can be of benefit and provide

clinical advice in the current era and ongoing pandemic.



Fig 3. (A) A forest plot visualizing extracorporeal membrane oxygenation duration in patients with COVID-19 and influenza. Mean difference 2.02 days (95% CI

[�0.52 to 4.57]; I2 = 63%; P of heterogeneity = 0.03) ordered by treatment effects. (B) A forest plot of mechanical ventilation duration pre-extracorporeal mem-

brane oxygenation in patients with COVID-19 versus influenza. Mean difference 3.12 days (95% CI [2.64-3.59]; I2 = 0%; P of heterogeneity = 0.58) ordered by

treatment effects. ECMO, extracorporeal membrane oxygenation; MV, mechanical ventilation; MD, mean difference.

Fig 4. A forest plot of peak serum creatinine concentration in patients with COVID-19 versus influenza. Mean difference �0.21 mg/dL (95% CI [�1.24 to 0.81];

I2 = 81%; P of heterogeneity < 0.01) ordered by treatment effects. MD, mean difference.
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